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DEPARTMENT OF THE ARMY
NEW ENGLAND DIVISION, CORPS OF ENGINEERS
424 TRAPELO ROAD
WALTHAM, MASSACHUSETTS 02154

REPLY TO
ATTENTION OF
NEDED

Honorable Ella T. Grasso

Governor of the 5tate of Connecticut

State Capitol

Hartford, Connecticut 06115 NOV 40 Wit

Dear Governor Grasso:

I am forwarding to you a copy of the Lake Chamberlain Dam Phase I
Inspection Report, which was prepared under the Wational Program for
Inspection of Non-Federal Dams. This report is presented for your use
and is based upon a visual inspection, a review of the past performance
and a brief hydrological study of the dam. A brief assessment is
included at the beginning of the report. 1 have approved the report and
support the findings and recommendations deacribed in Section 7 and ask
that you keep me informed of the actions taken to implement them. This
follow—-up action 1s a vitally important part of this program.

A copy of this report has been forwarded to the Department of Environ-
mental Protection, the cooperating agency for the State of Connecticut.
In addition, a copy of the report has also been furnished the owner, the
New Haven Water Company, Sargent Drive, New Haven, Connecticut 06506,
ATTN: Mr. Jack Reynolds, Superintendent Source of Supply.

Coplies of this report will be made available to the publiec, upon
request, by this office under the Freedom of Information Act. In the
case of this report the release date will be thirty days from the date
of this letter.

I wish to take this opportunity te thank vou and the Department of
Environmental Protection for your cooperation in carrying out this

program.

Sincerely yours,

e
\"\-‘;‘ ) o~
' ‘-§i"u"~.— j
Incl . JOHN P. CHANDLER
As stated (H -,gblonel, Corps of Engineers
—=Division Engineer



LAKE CHAMBERLAIN DAM
CT 00306

QUINNIPIAC RIVER BASIN
BETHANY, CONNECTICUT

PHASE T INSPECTION REPORT
NATIONAL DAM INSPECTION PROGRAM



BRIEF ASSESSMENT
PHASE I INSPECTION REPORT

NATIONAL PROGRAM OF INSPECTION OF DAMS

Inventory Number: CT 00306

Name of Dam: LAKE CHAMBERLAIN

State Located: CONNECTICUT

County Located: NEW HAVEN

Town Located: BETHANY

Stream: SARGENT RIVER

Owner: NEW HAVEN WATER COMPANY
Date of Inspection: JUNE 1, 1978

Ingpection Team: MIKE HORTON

HECTOR MORENO
GONZALO CASTRO
DEAN THOMASSON

The dam is an earthen embankment, with a 53 foot high
masonry rubble corewall, approximately 1300+ feet in length
and having a maximum height of 88+ feet above the elevation
of the original streambed. The maximum width at the top is
22 feet with the downstream slope having a maximum
inclination of 2 horizontal to 1 vertical, and the upstream
slope a 3 horizontal to 1 vertical maximum inclination, as
indicated on the "As-Built"™ plans. The low level inlet is a
42 inch reinforced concrete pipe which feeds two 30 inch
cast iron outlet pipes. The spillway is a 50 foot concrete
ogee section located at the left end of the dam. Glen Lake
Dam and populated areas of Woodbridge are located one and
two miles downstream of the dam, respectively.

Based upon visual inspections at the site and past
performance, the dam is judged to be in good condition. WNo
evidence of structural instability was observed, and the
condition of the earthen embankment is good. However, there
are some areas requiring monitoring and minor maintenance.

Our hydraulics computations, indicate the spillway
capacity is 8,100 cubic feet per second, which is in excess
of 100 percent of the Test Flood. Based upon the size
{Intermediate) and hazard classificaticn {(High) of the dam



in accordance with Corps of Engineers guidelines, the Test
Flood will be equivalent to the Probable Maximum Flood
(PMF). Peak inflow to the reservoir is 7,600 cubic feet per
second; peak outflow (Test Flood) is 5,500 cubic feet per
second. The dam freeboard during the Test Flood is
approximately 2.7 feet. The peak failure outflow for the
dam if breached would be 251,000 cubic feet per second. A
breach of the dam would cause Glen Lake Dam downstream to be
overtopped by 20 feet and most 1likely to fail, causing
severe loss of 1life and damage to property further
downstream.

It is recommended that a monthly program for monitoring
the seeps which were observed at the downstream face and toe
of the dam, be implemented. Locations of exit points of the
seeps surfacing downstream of the dam should be ascertained
and the potential for piping or boils, as well as required
seepage control measures, if any, should be determined.

. Shifting of the channel wall at the construction joint
on the land side of the spillway should be monitored reg-
ulary. An operation and maintenance plan should be
instituted.

The above recommendations and remedial measures should
be implemented within one year of the owner's receipt of

this Phase 1 Inspection Report.

beter M. Heynen, P.E.
Project Manager
Cahn Engineers, Inc.

‘ Do A e :
William O. Doll, P.E.,
Chief Engineer
Cahn Engineers, Inc.

il



This Phase 1 Inspection Report on Lake Chamberlain Dam has been
reviewed by the undersigned Review Board members. In our opinion,
the reported findings, conclusions, and recommendations are
consistent with the Recommended Guidelines for Safety Inspection:
of Dams, and with good engineering judgment and practice, and is
hereby submitted for approval.

Clontly H~Lzsesd

CHARLES G. TIERSCH, Chairman
Chief, Foundation and Materials Branch
Engineering Division

Zid N anens

FRED J. RAVENS, Jr., Member
Chief, De¥Tgn Branch
Engineering Division

SAUL COOPER, Member :
Chief, Water Control Branch
fngineering Division

APPROVAL RECOMMENDED:

/Eg_ 5;2;<Z<7/'£h1,/’
“J0E B. FRYAR
Chief, Engineering D1v151on
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PREFACE

This report is prepared under guidance contained in the
Recommended Guidelines for Safety Inspection of Dams, for
Phase I Investigations. Copies of these guidelines may be
obtained from the Office of Chief of Engineers, Washington,
D.C. 20314, The purpose of a Phase I Investigation is to
identify expeditiously those dams which may pose hazards to
human life or property. The assessment of the general
condition of the dam is based upon available data and visual
inspection., Detailed investigation, and analyses involving
topographic mapping, subsurface investigations, testing,
and detailed computational evaluations are beyond the scope
of a Phase I Investigation; however, the investigation is
intended to identify any need for such studies.

In reviewing this report, it should be realized that the
reported condition of the dam is based on observations of
field conditions at the time of inspection along with data
available to the inspection team. In cases where the
reservoir was lowered or drained prior to inspection, such
action, while improving the stability and safety of the dam,
removes the normal load on the structure and may obscure
certain conditions which might otherwise be detectable if
inspected under the normal operating environment of the
structure,

It is important to note that the condition of a dam
depends on numerous and constantly changing internal and
external conditions, and is evolutionarly in nature. It
would be incorrect to assume that the present condition of
the dam at some point in the future. Only through continued
care and inspection can there be any chance that unsafe
conditions be detected.

Phase I inspections are not intended to provide detailed
hydrologic and hydraulic analyses. In accordance with the
established Guidelines, the Spillway Test Flood is based on
the estimated "Probable Maximum Flood" for the region
(greatest reasonably possible storm runoff), or fractions
there of. Because of the magnitude and rarity of such a
storm event, a finding that a spillway will not pass the
test flood should not be interpreted as neccessarily posing
a highly inadequate condition. The test flood provides a
measure of relative spillway capacity and serves as an aid
in determining the need for more detailed hydrologic and
hydraulic studies, considering the size of the dam, its
general condition and the downstream damage potential.

iv
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PHASE I INSPECTION REPORT

LAKE CHAMBERLAIN DAM

SECTION I
PROJECT INFORMATION
1.1 General

a. Authority - Public Law 92-367, August 8, 1972,
authorized the Secretary of the Army, through the Corps of
Engineers, to initiate a National Program of Dam Inspection
throughout the United States. The New England Division of
the Corps of Engineers has been assigned the responsibility
of supervising the inspection of dams within the New England
Region. Cahn Engineers, Inc. has been retained by the New
England Division to inspect and report on selected dams in
the southwestern portion of the State of Connecticut.
Authorization and notice to proceed were issued to Cahn
Engineers, Inc. under a letter of April 26, 1378 from Ralph
T, Garver, Colonel, Corps of Engineers. Contract No.
DACW33-78-C~-0310 has been assigned by the Corps of Engineers
for this work.

b. Purpose of Inspection Program - The purposes of the
program are to: '

{1) Perform technical inspection and evaluation of
non-federal dams to identify conditions.
requiring correction in a timely manner by non-
federal interests.

(2) Encourage and prepare the States to quickly
initiate effective dam inspection programs for
non-federal dams.

(3) To update, verify and complete the National
: Inventory of Dams.

c. Scope of Inspection Program - The scope of this
- Phase I inspection report includes:

(1) Gathering, reviewing and presenting all
available data as can be obtained from the
owners, previous owners, the state and other
associated parties.

{2) A field inspection of the facility detailing the

visual condition of the dam, embankments and .
appurtenant structures.

....l...‘



{3} Computations concerning the hydraulics and
hydrology of the facility and its relationship
to the calculated fleod through the existing
spillway.

{(4) An assessment of the condition of the facility
- and corrective measures required.

It should be noted that this report does not pass
judgement on the safety or stability of the dam other than
on a visual basis,. The ingpection is to identify those
features on the dam which need corrective action and/or
further study.

1.2 pDescription of Project

a. Description of Dam and Appurtenances - The dam is
an earthen embankment with a 53 foot high masonry rubble
corewall founded on rock, built as part of the original 53
foot high rolled earth dam. It was raised to its present
height 88+ feet above the original streambed, in 1958. The
top has a maximum width of 22 feet and is approximately 1300
+ feet in length. The upstream and downstream slopes are at
maximum inclinations of 2 horizontal to 1 vertical and 3
horizontal to 1 vertical, respectively. The spillway is a
50 foot concrete ogee section cut into rock at the left end
of the dam. The low level inlet is a 42 inch reinforced
concrete pipe which empties into an inlet structure, as do
two 30 inch inlets above it. The outlet from the inlet
structure consists of two 30 inch cast iron pipes passing
through the dam to the downstream outlet structure.

At the spillway crest level, the resevoir area is
approximately 115 acres with a useable capacity of
approximately 894 million gallons.

The dam is located upstream of the Dawson Lake and Glen
Lake Dams, as well as residential developments in the
Woodbridge area.

b. Location - The dam is located on the Sargent River
in a rural area of the Town of Bethany, about two miles from
of the Town of Woodbridge, County of New Haven, State of
Connecticut. The dam is shown on the Mt. Carmel USGS
Quadrangle Mgp having coordinates latitude N41° 23* 37" and
longitude 727 59" 19",

¢. Size Classification - INTERMEDIATE - The dam has a
maximum height of 88+ feet from the top to the old stream-
bed, and a storage of 4120 acre feet at the test flood pool,

-2-



elevation 407.6. According to the Recommended Guidelines, a
dam having between 1,000 and 50,000 acre feet of storage is
considered to be in the intermediate size range.

d. Hazard Classification - HIGH (Category I) Failure of
Chamberlain Dam would cause Glen Lake Dam, approximately 1
mile downstream, to be overtopped by 20 feet and most likely
fail, causing severe loss of life and property damage
further downstream.

e. Ownership- New Haven Water Company
Sargent Drive
- New Haven, Connecticut 06506
Mr. Joseph Jiskra
Mr. Jack Reynolds (203) 624-6671

f. Purpose of Dam - Public water supply reservoir.

g. Design and Construction History - 1In 1891, the
original Lake Chamberlain Dam, was constructed by C.W.
Blakeslee and Sons, Inc., as engineered by Henry B. Gorham.
The entire dam was founded on rock with a 39 foot spillway
cut into rock at the left end of the dam. Two 30-inch cast
iron low level inlets were installed through the dam to let
water down to Glen Lake as needed. In 1958, the dam was
raised 35 feet to its present height by C.W. Blakeslee and
Sons, Inc., as engineered by Malcolm Pirnie Engineers. The
structure is a compacted earth dam with a side channel
spillway, a 50 foot concrete ogee section, cut into rock at
the left end of the dam. The upstream slopes of the dam are
faced with riprap. The two-30 inch low level lines of the
original dam are wutilized with new intake and outlet
structures.

h. Normal Operational Procedures -~ Valves are operated
as needed during the summer months to supply water to
downstream reservoirs when the flow no longer overtops the
spillway. '

1.3 Pertinent Data

a. Drainage Area - 4.0 square miles. Rolling wooded
terrain.

b. Discharge at Dam Site - Maximum water over spillway
during August and October 1955 floods - 12" on October 16,
1955.  Spillway Capacity at Test Flood Pool Elevation 407.6
- 5500 cfs. ' : :




¢. Elevation - (Ft. above MSL, U.S8.G.S. Datum)

Top of Dam: 410.3

Spillway Crest: , 398.3

Streambed @ Center Line of Dam: 322

High Level Intake: 375 and 358

Low Level Intake: 329

Outlet Pipe: 318+

d. Reservoir - Length of Normal '

Pool: 4500 ft.
Length of Maximum '
Pool: 4500+ ft.

e. Storage - At Elevation 398.3 2740 acre ft.
At EBlevation 410.3 4120 acre ft.
(top of dam)

f. Reservoir Surface -

At Elevation 398.3 115 acres
At Elevation 410.3 115+ acres
g. Dam - Type: Compacted/rolled
earth with masonry
. corewall.
Lengths Dam: 1,300 f¢.
Corewall: 710 f¢t.
Height: 88 feet
Top Width: 22' Minimum - Dam ,
5' Maximum -Corewall
Side Slope: 2.5 H to 1V upstream
2 H te 1V downstream
Corewall: Masonry (old dam
corewall)
Cutoff: Foundation on rock
- both dam and
corewall.

h. Diversion and Regulatory Tunnel - Not Applicable

i. Spillway - Type: Concrete ogee
weir,
Length of Weir: 50 feet
Crest Elevation: 398.3
Upstream Channel: 17 H to 1V concrete
Downstream Channel: 5.5 H to 1V concrete

-4



j. Regulatory Outlets - 1-42" Low Level Intake
2-30" Feed to Channel




SECTION 2: ENGINEERING DATA

2.1 Design

a. Available Data ~ The available data provided by the
State of Connecticut and the Owner, consists of drawings,
correspondence, records, and calculations by the State of
Connecticut Water Resources Commission, New Haven Water
Company, Philip W. Genovese and Associates, Malcolm Pirnie
Engineers, Joseph W. Cone, and others. Considerable data is
available with respect to the hydraulic/hydrologic nature
and past history of the facility. Pertinent data is
included in the Appendix Section B.

b. Design Features - The maps and drawings indicate
the design features described previously herein.

¢. Design Data - There were no engineering values,
assumptions, test results, or calculations available for the
original construction or for the 1958 raising. The design
data available addresses only the hydraulic/hydrologic
characteristcs of the facility. '

2.2 Construction

a. &Available Data - The available construction
drawings consist of a set of plans entitled "As-Built, New
Haven Water Company, New Haven, Conn.,, Chamberlain Pam", by
Malcolm Pirnie Engineers, dated July 1958.

b. Construction Considerations - No information was
available.
2,3 Qperation - No formal operations records exist.

Operations were made available for visual inspection by the
owner,

2.4 Evaluation

a. Availability - Existing data was provided by the
State of Connecticut and the owner, The owner made the
operations available for visual inspection.

b. Adequacy - The amount of existing data provided was
substantial. However, the amount of detailed engineering
data available was inadequate to perform in-depth assessment
of the dam. Therefore, the final assessment of this
investigation must be based primarily on visual inspection,
performance history, hydraulic computations of spillway
capacity based upon approximate hydreologic assumptions.



c. Validity - The drawings and correspondence portray
the dam substantially as observed during the field
inspection.



SECTION 3: VISUAL INSPECTION

3.1 Findings

a. General - The general appearance of the dam is
good. However, <c¢lose inspection reveals some areas
requiring mi"or maintenance.

b. Dam :

Upstream Slope - During inspection, the reservoir
level was slightly over the spillway; thus only the upper
part of the upstream slope was inspected. The upper 4 feet
of the slope 1is grass covered with no evidence of
gsignificant erosion. Below the grass-covered zone, there is
riprap consisting of stone, ranging in size from about one
inch to about 2.5 ft. The riprap appears, in general, in
good condition, even though there are some areas where there
is some segregation of the smaller and larger stone sizes.

Crest - The crest of the dam contains a gravel rcadway
with grass-covered berms. No evidence of erosion or
cracking was observed along the crest.

Downstream Slope - The downsteam slope is grass covered
with no evidence of sloughing or wet spots observed, There
has been trespassing of motocycles creating paths over which
erosion can eventually develop, even though the erosion at
the time of the visual inspection was minor. The darker
green area, seen on the upper part of the slope, corresponds
to a different type of vegetation cover being tried for
higher resistance to trespassers.

A seep was observed along the toe of the slope. Crushed
stone was placed in the area of the seep, and water flowing
due to the seep covered an area wider than that of the stone.
The water appears clear, and no evidence of silt deposition
was observed. It appears that the volume of flow increases
as the stream travels along the toe, indicating that there
is more than one source of water along the toe. The stream
eventually discharges into the outlet channel about 20 feet
downstream of the outlet structure, '

A wet area exists ahout 100 feet downstream of the toe
of the dam. The water flow covers an area about 50 feet wide
as it approaches the outlet channel. The wet areas are
indicated by the darker green vegetation. Upon close
inspection, the water appears to be clear, and no evidence
of silt transport was apparent. 1In the part of the wet area
farthest from the outlet channel, a few bedrock exposures
were noted. These exposures become more prevalent as one
approaches the spillway channel, and the bottom of the
spillway channel itself is bedrock.

-8~



¢c. Appurtenant Structures - The outlet structure and
gate chamber are in good condition, and the outlet channel
is the natural bed of the river. The spillway channel was
excavated in bedrock and is in good condition. '

3.2 Evaluation

The visual inspection was sufficient to indicate no
immediate safety problems. Seeps observed at the toe of the
dam and downstream of the dam carry a significant volume of
water, although there is no visual evidence of piping. The
significance of the seeps has to be analyzed in reference to
the zoning of the earth embankment and to the foundation
soils and bedrock, as will be discussed in Section 6.



SECTION 4: OPERATIONAL PROCEDURES

4.1 Requlating Procedures

No regulating procedures exist for this dam other than
those necessary for providing sufficient water to downstream
reservoirs as needed to maintain an adequate public water

supply.

4.2 Maintenance of Dam

Water levels in the reservoir are recorded daily and
seeps at the toe of the dam are observed periodically and
monitored. Any needed maintenance is observed and reported
during these visits., During the growing season, the grass
is cut regulary. Riprap has been dumped in areas of the
seeps, and recent field investigations by the owner or
representatives of the owner may result in remedial measures
consisting of a system of drains being installed.

4.3 Maintenance of Operating Facilities

The maintenance of the operating facilities is on an as-
needed basis. The valves are generally operated during dry
seasons to provide water to downstream reservoirs. The
valves are usually greased every one to two years.

4.4 pescription of Any Warning System in Effect

No formal warning system is in effect. The dam operator
reports emergency situations directly to his supervisor.

4.5 Bvaluation

Maintenance procedures, as they exist presently, are
generally good and should be continued on a regular basis.
However, operation and maintenance procedures should be
documented on a formal basis to provide accurate records for
future reference. A formal warning system should be
developed to warn the downstream population of possible
emergencies,



SECTION 5: HYDRAULIC/HYDROLOGIC

5.1 Evaluation of Features

a. Design Data - No computations could be found for
the original dam construction. The report on dams owned by
the New Haven Water Company by Joseph W, Cone, and the
report by Malcolm Pirnie Engineers on effects of the maximum
possible storm on the spillways of dams in the West River
System, both contain information on the hydraulic/hydrologic
computations conducted for the respective reports, which are
included in the Appendix Section B.

b. Experience Data - Water generally flows over the
spillway from late fall to early summer.

¢. Visual Observations - On the dates of our
inspections, the spillway was clear and unobstructed. The
spillway is spanned by a bridge; however, due to the fact
that during the test £lood, the dam will still have
approximately 2.7 feet of freeboard, the possibility of
blockage due to the bridge collecting debris is minimal. It
is possible that blockage due to large debris (trees) could
occur at the concrete spillway entrance.

Any overtopping will occur first at the dike to the left
of the spillway as the elevation at the top of the dike is 2
feet below that of the top of the embankment.

d. Overtopping Potential - The recommended spillway
test flood for this high hazard intermediate size dam is the
Probable Maximum Flood (PMF). Based wupon hydraulics
computations, the spillway capacity is 8100 cfs (Appendix D-
10). Based upon "Preliminary Guidance for Estimating
Maximum Probable Discharges"™ March 1978, peak inflow to the
reservoir is 7600 cfs (Appendix D-9); peak outflow (Test
Flood) is 5500 c¢fs with approximately 2.7 feet of freeboard
maintained (Appendix D-12).

e. Spillway Adequacy -~ The spillway will pass in
excess of 100% of the 5500 c¢fs test flood without
overtopping.

-11-



SECTION 6: STRUCTURAL STABILITY

6.1 Evaluation of Structural Stability

a. Visual Observations - From a structural standpoint,
the dam, the spillway sidewalls and spillway channel all
appear to be stable with no problems indicated. Some
shifting of the channel wall has occurred at the
construction joint on the landside of the spillway. The
intake chamber is also in good condition, and does not
appear to have any stability problems.

Visual inspection from a geotechnical standpoint did not
disclose any apparent stability problems.

b. Design and Construction Data - The design drawings
and specifications of July 1958 for raising the dam indicate
some intended zoning for the earth embankment consisting of:

1. "sandy Material™ to an unSpecified'depth under the
upstream and downstream slopes.

2, "Compacted Gravelly Material"™ to be placed down-
stream of the original dam as a blanket drain.

3. The riprap removed from the upstream slope- of the
original dam to be placed at the downstream toe of
the new dam in the vicinity of the outlet and gate
chamber structure.

The materials referred to under 1 and 2 were not
specified in the contract documents, but were obtained by
field selection of the more pervious soils from the borrow
area. Thus, it is not known how effective the 2zoning shown
on the plans actually is in the field. Three holes were made.
with a hand auger to depths of 1.5 to 2.0 feet near the right
catch basin in the upper berm of the downstream slope.
Uncovered were about one foot of topsoil and then a gray
clayey sand or sandy clay, which is too impervious to act as
a drain.

c. Operating Records - The operating records available
do not contain indications of instability.

d. Post-Construction Changes - The available records
do not indicate changes after the 1958-1959 raising of the
dam.-

e. Seismic Stability - Lake Chamberlain Dam is located
in Seismic Zone 1, according to the USCE recommended
guidelines, and therefore, it does not require a special
analysis for seismic stability.

-12-



f. Special Considerations - Seepage - If an analysis
is made to determine the exit point of the line of seepage,
the following may be concluded:

1) Assuming the dam to be homogenous, i.e. there is not
an effective blanket drain, and assuming different
ratios of Thorizontal, ks . to vertical, kv'
permeabilities, the line of seepage will exit along
the downstream slope at the following elevations for
the maximum cross section.

kh/kv 1, Elev 352

= 10, Elev 362
= 100, Elev 382

2) Assuming the blanket drain to be effective, the
seepage line will remain within the body of the dam
for k /k equal to 1 and 10, and it will exit along
the downstream slope if k. /k. = 100. The elevation
at which the seepage line will exit will depend upon
the degree of effectiveness of the blanket drain.

Ratios of horizontal permeability of 10 to 100 can be
considered reasonable for embankments built in layers. On
the basis of the analysis, it is probable that in some areas
the line of seepage is discharging along the downstream
slope whether the blanket drain is effective or not. The
absence of wet spots on the downstream slope indicates the
flow to be small enough so that evaporation and absorption
by vegetation prevents the formation of wet areas. The
presence of wet areas at the downstream toe, to the right of
the ocutlet channel and also downstream of the dam, probably
indicated that the observed seeps occur along the foundation
s0ils and/or bedrock.

Neither the possibility of discharge along the
downstream slope, nor the seeps observed, constitute an
indication of an unsafe condition at the present time.
However, the downstream slope of the dam is relatively
steep, 2 horizontal to 1 vertical, and the internal drainage
provisions are at best of limited effectiveness. Therefore,
the effects of water discharging through the toe and
downstream of the toe should be further investigated, and if
necessary, seepage control measures such as toe drains or
weighted filters should be installed.,

~13~-



SECTION 7: ASSESSMENT, RECOMMENDATIONS AND REMEDIAL MEASURES

7.1 Dam Assessment

a. Condition - Based upon visual inspections at the
site and the past performance of the dam, the dam appears to
be in good condition. No evidence of structural instability
was observed, and the condition of the (earthen) embankment
is good. However, there are some areas requiring monitoring
and minor maintenance.

Based upon our hydraulics computations, the spillway
capacity is 8100 cubic feet per second (cfs), which is in
excess of 100 percent of the Test Flood, Based upon
"Preliminary Guidance for &Estimating Maximum Probable
Discharges™ dated March 1978, peak inflow to the reservoir
is 7600 cfs; peak outflow (Test Flood) is 5500 cfs. The
spillwvay will pass 100% of the 5500 cfs test flood with the
dam maintaining a 2.7 foot freeboard.

Utilizing the April 1978 "Rule of Thumb Guidance for
Estimating Downstream Dam Failure Hydrographs", the peak
failure outflow from the dam would be 251,000 cfs. The
average stage 5600 feet downstream to Glen Lake would be 34
feet. Glen Lake Dam would be overtopped by approximately 20
feet and would most likely breach. Even if the Glen Lake Dam
does not breach, the 20 foot wave would sweep down the
Sargent River to residential Woodbridge, approximately 1
mile further downstream, causing severe damage to life and
property.

b. Adequacy of Information - The information available
is such that an assessment of the stability of the dam must
be based principally on visual inspection and past
performance of the structure. For example, information
concerning the "as built"™ zoning of the dam, which was not
available, is essential to formally analyze the stability of
an earth dam.

¢. Urgency - The recommendations and remedial measures
presented in Sectiong 7.2 and 7.3 should be implemented
within the time span specified for each section.

_ d. Need for Additional Information ~ The findings of
the wvisual inspection do not require further studies:
however, the owner should perform additional investigations
and monitoring as recommended below in Sections 7.2 and 7.3.

-14~



7.2 Recommendations

The recommendations presented in this section should be
implemented within one year of the owner's receipt of this
Phase 1 Inspection Report.

1. An investigation of the seep which exits downstream
of the dam should be conducted to determine:

a. Location of the exit points which are now
obscured by vegetation.

b. Potential for piping or boils at the location of
the exit points (which depends on the type of
soil at those points).

¢. Whether seepage control measures are indicated.

2. A program for monthly monitoring of seeps observed
at the toe and downstream of the dam should be
implemented. Monitoring should be visual to
evaluate the turbidity of the water and should also
include photographic evidence that would provide a
record to detect large changes in the volume of flow

~or in the size of the wet areas from the time of one
inspection to another. Presence of suspended solids
in the water or substantial changes in flow not
related to changes in reservoir level should be
considered as indications of an unsafe conditions.

7.3 Remedial Measures

a. Alternatives - This study has identified no
practical alternatives to the above recommendations.

b. Operation and Maintenance Procedures - The following
measures should be undertaken within one year of the owner's
receipt of this report and continued on a regular basis.

1. A formal program of operation and maintenance
procedures should be instituted, and fully
documented to provide accurate records for
future reference.

2. Round the clock surveillance should be provided
by the owner during periods of unusually heavy
precipitation. The owner should develop a
formal warning system with local officials for
alerting downstream residents in case of
emergency. : ' :

=15~



The spillway channel wall on the left side at
the construction 3joint should be observed
periodically to determine whether or not further
movement is occurring.

During the course of this study, it was brought
to our attention that the New Haven Water
Company has instituted a yearly program for
inspection of all their dams, including Lake
Chamberlain Dam, by a consultant competent in
the field of dam inspection. This program,
which has been in effect for the past two years,
is commendable and should be continued in the
future.

~1Gm~



APPENDIX
SECTION A: VISUAL OBSERVATIONS



VISUAL INSPECTION CHECK LIST
PARTY ORGANIZATION

PROJECT Lake Chamberlain

TIME:

DATE: " June 1, 1978

WEATHER: Sunny, Clear

W.S. ELEV.395 _U.S._—— DN.S

PARTY: INITIALS: - DISCIPLINE:
1. Mike Horton MH Structural’
2. Hector Moreno HM Hydré.ulic
‘3 . Gonzalo Castro GC Geotechnical
4. Dean_Thomasson DT Party Chief
5.
6.

PROJECT FEATURE INSPECTED BY REMARKS

1. Zoned Earth Dam Embankment GC
Spillway-2pproach, Channel, Weir, oo

2._Discharge Channel GC/MH
Outlet Works~Cutlet Structure

3._and outlet Channel GC
Outlet Works-Service Bridge

4. _(pedestrain/Vehicular) MH
Qutlet Works-Control Tower,

5. operating House, Gate Shafts MH

6. Reservoir DT

7 ._Operation and Maintenance DT

8. gafety and Performance Instrumentation DT

9,

10.

11.

12.




PERIODIC INSPECTION CHECK LIST
Page 1 of 2

PROJECT Lake Chamberlain DATE June 1, 1978

PROJECT FEATURE ©Zoned Earth Dam Embankment

Fe = L

AREA EVALUATED BY o CONDITION

e —e— e

H
|

Crest Elevation
Current Pgol Elevation

Maximum Impoundment to Date

surface Cracks GC None observed.

Pavement Condition GC Ngt applicable.

Movement or Settlement of Crest GC None apparent. i

Lateral -Movement . GC None apparent.

Jertical Alignment GC No misalignment observable.
iorizontal Alignment | GC No misalignment observable.

‘ondition at Abutment and at Con- GC Good.
crete Structures

:ndications of Movement of Struc- |GC None apparent.
tural Items on Slopes

xespassing on Slopes GC Motorcycle paths on D.S. slope.
;loughing or Erosion of Slopes or | GC None cobserved.
Abutments
.ock Slope Protection-Riprap Fail- ]| GC None observed.
ures
nusual Movement or Cracking at or | GcC None observed.
near Toes

nusual Embankment of Downstream GC Significant seeps at toe and D.S. of

Seepage Dam.
iping or Boils GC None observed.
sundation Drainage Features GC None known or observed.
se Drains GC Along D.S. slope to the right of out-

let structure.




PERIODIC INSPECTION CHECK LIST

PROJECT Lake Chamberlain

PROJECT FEATURE

Page 2 of 2

DATE June 1, 1978

Zoned Earth Dam Embankment

AREA EVALUATED

BY

CONDITION

I

3

Instrumentation Systems

Vegetation

GC

D.5.. slope grass covered.




PERIODIC INSPECTION CHECK LIST

- Page 1l of 1
PROJECT _ Lake Chamberlain | DATE___ June 1, 1978

PROJECT FEATURE Spillway-Approach, Channel, Weir, Discharge Channel

e ey e e e e e e

AREA EVALUATED | BY CONDITION
P e e — - =

a. Approach Channel

General Condition

Loose Rock Overhanging Channel
Trees Qverhanging Channel
Fleoor of Approach Channel

b. Weir and Training or Sidewalls

General Condition of Concrete MH | Gocod.

Rust or Staining

Spalling MH Some at joints. i
Anf Visible Reinforcing MH | None.
Any Seepage or Efflorescence MH | Yes.
Drain Holes GC | Good condition. :

c. Discharge Channel

General Condition GC/§ Good.
MH

Loose Rock Overhanging Channel |GC/} None observed.
MH

Trees Overhanging Channel GC/{ None cbserved.
MH

Floor of Channel GC/| Good, bedrock.
MH

Other Cbstructions ' GC/] None observed.




PERIODIC INSPECTION CHECK LIST

PROJECT Lake Chamberlain

Page 1 of 2

DATE June 1, 1978

PROJECT FEATURE Outlet Works-Control Tower, Operating House, Gate Shafts

=================u=========é=======q====r===========================‘ =

a.

AREA EVALUATED

Concrete and Structural

General Condition

Condition of Joints

Spalling

Visible Reinforcing

Rusting or Staining of Concréte
Any .Seepage or Efflorescence
Joint Alignment

Unusual Seepage or lLeaks in
Gate Chamber

Cracks
Rusting or Corrosion of Steel

Mechanical and Electrical

Alr Vents

Float Wells

Crane Hoist

Elevator

Hydraulic System

Service Gates

Emergency Gates

Lighting Protection System

Emergency Power System

BY CONDITION

MH Good.,

MH Good.

MH Very little. Top surface spalled in
some areas.

MH None.

MH None.

MH Occasional.

MH Good.

MH None visible. Water in chamber spray-

ing from inlet piping.




PERIODIC INSPECTION CHECK LIST
Pagel of 1

PROJECT Lake Chamberlain DATE June 1, 1978

PROJECT FEATURE Outlet Works-Outlet Structure and Outlet Channel

AREA EVALUATED BY CONDITION

e e e —

General Condition of Concrete
Rust or Staining |
Spalling

Erosion or Cavitation

Visible Reinforcing

Any Seepade or Efflorescence
Zondition. at Joints

Jdrain Holes GC None observed.

Channel GC Natural river stream.

i0ose Rock or Trees Overhanging GC | None of any significance.
Channel

Zondition of Discharge Channel GC | Good.




e e e e o e o

Ja

PERIODIC INSPECTION CHECK LIST

PROJECT____ rLake Chamberlain

Page 1 of 1

DATE June 1, 1978

PROJECT FEATURE Outlet Works-Service Bridge (Pedestrian/Vehicular)

AREA EVALUATED

|
|

Super Structure

Bearings

Anchor Bolts
Bridge Seat
Longitudinal Members
Under Side of Deck
Secondary Bracing
Deck

Draihage System
Railings

Expansion Joints
Paint

Abutment & Piers

General Condition of Concrete
Alignment of Abutment
Approach to Bridge

Condition of Seat & Backwall

BY

MH

MH

MH

MH

MH

MH

e e e e e

CONDITION

Acéeptable.

Good.
Good.

Good.

None.

Pitched-good.

[
Spalling at base anchors. i
I

Joint filled with mortar; cannot close.
‘ !

None,

Good.
Acceptable.
Good.

Good.




PERIODIC INSPECTION CHECK LIST .

PROJECT Lake Chamberlain Dam

Page 1 of 1
DATE June 1, 1978

PROJECT FEATURE___ Reservior

o ]

~ CONDITION

AREA EVALUATED BY
Shoreline DT Good.
Sedimentation DT
Potential Upstream Hazard Areas DT
Watershed Alteration-Runoff Poten- [DT

tial

None observed.

Closest house 1000'. No flooding
potential.
None at this time.




PERIODIC INSPECTION CHECK LIST
Page 1 of 1

PROJECT__ Lake Chamberlain Dam DATE _ guue 1. 1978

PROJECT FEATURE Operations and Maintehance

Wm —_— -
AREA EVALUATED BY CONDITION
e e

. Reservcir Regulation Plan

Normal Conditions DT Daily water level readings taken.

Emergency Plans DT Report emergencies to the New Haven

. Water Company office.
Warning System DT

. Maintenance (Type) (Regularity)

Dam 7 DT Maintenance when needed is reported to
office., Maintenance and greasing

Spillway ' DT usually every one (1) to two (2) vears|

Outlet Works DT Seepage since dam was built. Situtatio

presently being investigated and
solutions considered.




PERIODIC INSPECTION CHECK LIST

PROJECT Lake Chamberlain Dam DATE June 1, 1978

PROJECT FEATURE Safety and Performance Instrumentation

-

AREA EVALUATED BY CONDITION
Headwater and Tailwater Gages DT Measured at spillway.
Horizontal and Vertical Alignment |DT | None.

Instrumentation (Concrete
Structures)
Horizontal and Vertical Movement, DT None.

Consolidation, and Pore-Water
Pressure Instrumentation
{Embankment Structures)

Uplift Instrumentation DT | None.
!
|
Drainage System Instrumentation {DT | None. !
|
Seismic Instrumentation DT | None.
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APPENDIX
SECTION B: EXISTING DATA



SPECIAL NOTE
SECTICN B

AVAILABILITY OF DATA

The correspondence listed in the Summary of Contents and
the plans listed in the Table of Contents, Appendix Section
B, are included in the master copy of this report, which is
on file at the office of the Army Corps of Engineers, New
England. Division, in Waltham, Massachusetts.

Only the following correspondence is included in this
report:

Date To From Subject Page
~ July,  New Haven Malcolm Pirnie Design Report B~3
1958 Water Co. Engineers Chamberlain
Lake Dam
~June 26 New Haven Joseph W. Cone Report concern- B-102
1565 Water Co. ing dams owned
by New Haven
Water Co.

Aug. 2, New Haven Malcolm Pirnie Investigation B-130
1967 Water Co. Engineers of the effects
of a flood pro-
duced by the
Maximum Possible
Storm on spillways
of West River System



DATE

No Date
July, 1958

July 31, 1958

July, 1958
Approved Sept.
8th, 1958

Aug. 5, 1958

Sept. 2, 1958

Sept. 15, 1958

Mar. 11, 1960

TO

Files

New Havin Water
Company

Water Resources
Commission

New Haven Water
Company

Philip Genovese

Water Resources
Commission

New Haven Water
Company

Water Resources
Commission

SUMMARY OF CONTENTS

FROM

Water Resources Commission
Malcolm Pirnie Engineers2

Joseph A, Novaro, New
Haven Water Company

Malcolm Pirnie Engineer32

Water ResourCfs Commission
Emitt A. Dell

Philip W. Gegovése

' & Associates

. A |
Water Resources Commission

Philip W. Genoiese
and aAssociates

SUBJECT

Dam Inventory Data

Design Report
Chamberlain Lake Dam

Transmittal and
Application for Con-
struction Permit for Dam

Chamberlain Dam
Contract Documents

Transmittal of Review
Set of Plans & Specifi-
cations for Construction
Permit Application for

_Chamberlain Dam

Results of Review of
Plans & Specifications
for Construction Permit

PAGE

B-1
B-3

B-11

B-13

Application for Chamberlain

Dam

Form D-5 Construction
Parmit for Dam

Transmittal of As-Built
Plans of Chamberlain Dam

B-84

B-86



DATE

April 29, 1963

April 12, 1965

April 30, 1965

June 26, 1965

July 24, 1965

July 15, 1966

Aug. 2, 1967

Original Date
Mar., 1, 1911;
Latest Entry
1969 '

TQ

A.L. Corbin, Jr.
Joseph W. Cone

Joseph W. Cone

New Haven Water
Company

William Sander

wWilliam Wise,
Water Resources
Commission

New Haven Water
Company

New Haven Water
Company

FROM
Joseph A. Navaro,

Chief Engineer, New

Haven Water Company2

New Haven Water Company2

New Haven Water Company2

Joseph W. Cone2

Joseph W. Cone2

Joseph Novaro, New Haven
Water Company

Malcolm Pirnie Engineersl

Albert B. Hill2

SUBJECT

West River Watershed

Transmittal of (and in-
¢luding) Chamberlain Data

Form

Transmittal of (and in-
cluding) Lake Level and

Report Concerning Dams
Owned By New Haven

Water Company 3

Corrections on Report
Concerning Dams Owned by
New Haven Water Company

Progress Report for
West River System

Studies

Investigation of the
Effects of a Flood
Produced by the Maximum
Possible Storm on Spill-
ways of West River System

Reservoir Capacities,
West River System

PAGE

B-87
B-90

B-91

B-101
B-123
B-129

B-130

B-147



DATE TO FROM SUBJECT

Aug. 1974 Files New Haven Water Company2 Chamberlain Dam
Data Sheet & Photographs

1Obtained from State of Connecticut Water Resources Commission

2Obtained from New Haven Water Company

3Hydrau1ic/Hydrologic Data and Spillway Sections contained in Joseph
‘W. Cone's report, which are on file and available at the New Haven
Water Company office were not included due to poor reproduction quality.

PAGE

B-149



NEW HAVEN WATER COMPANY
NEW HAVEN, CONNECTICUT
DESIGN REPORT
CHAMBERLAIN LAKE DAM

JULY 1958

MALCOLM PIRNIE ENGINEERS
25 West 43rd Street
New York 36, N.Y.
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NEW HAVEN WATER COMP/TY

NEW HBAVEll, CONNECTICUT

DE3IGN REPORT
CHAMBERLAIN LAKE DAM .

LOCATION ®

The Chamberlain Lake Dam 1s located on Sargent River
about 4,000 feet west of Route 69 in Bethany. The location
is shown on Sheet 1 of 8 of the contract drawings.

DESCRIPTION OF PROJECT

At present the lew Haven Water Company has two reservolrs
on the Sargent River. Glen Léke, with a urable storage of
197 million gallons has a tributary dralnase area including
that of Chamberlain Dam of 5.6 square miles. Chamerlaln lLake,
with a usable capacity of 165 mg, is located upctream from
Glen'Lake and has a tribgtary drainage area of 3.9 square mlles,

It 1s proposed to ralse the Chamberlailn Lake Dam splllway
from Elevation 35¢.857 to Elevatilon 395.,0, increasing the
usable storage to 900 mg:. The gafe yleld of the Glen Lake~
Chamberlaln Lake system wlll be increased from 2.9 mgd to
4.7 mgd. The capacity curve of the proposed reservolr 1s
shown in Figure 1.

The present Lake Chamberlain Dam, constructed in 18¢1,

is a rolled earth dam with a masonry core wall. The entire

B-4



?'.‘T
- -

FilLLWAY -7

=3
'

o T

Ay

I

I

1

2 =
5 L
HQF —— e —
2 - - - . .__er. s
. RESERVOIR CZAPAC!ITY CuURVE
; ' FOR
i} e ;
: LAKE CHAMBERLAIN DAM
: JULy 1358
: ! 1 [-
0 ; . | L J *=
900 925 350 375 1000 1025 iI050 1075 1100 Hz2%
STORAGE IN  MILLION GALLONS
B-5 ' '

-



dam 1s bullt on rock with a 39-foot long spillway cut in the
rock at the easterly end of the dam. There are two 30-1inch
~ecast Iron blowoffs t‘rourh the dam which are uced to let
water down to Glen Lake.

The arrangement of the higher dam willl be very similar
to the ekisting cne, The dam wlll be a- compacted earth
structure., The two 30~inch blowoff lines will be used wlth
a new intake and cutlet structure. The spillway will be a
50-foot cgncrete ogee!sectién cut into rock at the easterly
‘end of the dam.

FLOOD FLCOWS

There 1s no record of stream flow gagingé cn the.Sargent
River. _

Peak flows at the dam site have been estimated by the
procedure outlirned irn Geologlcal Survey Circular 365 acg
modified in the Conneccticut Soclety of Clvil Fnglncers! 73rd
Annval Report, Pages 89 and $2. Peak floods and fiood hydro-
graphs were calculated according to procedures outlined in
the Army Corps of Engineers' Engineering Manual, lydrcloglc
and Hydraullc Analyses, Part CXIV, Chapter 5,

Judging the drainage area to have normal characterictics
in accordance with Circular 365 nomenclature, the peak flood-
with a recurrence interval of 1,000 years was estimated to
be 2,940 cfs.

~ Using rainfall data from the U, S. Weather Bureau
Technical Paper Ho., 25, Rainfall Intensity-Duration-Frequency

Curves for the New Haven ¥eather Statlon and that at Meriden,

B¢



Connecticut, and Westflield, Massachusetts for the hurricane
storms of August, 1955, a storm of hurricane intenslty was
developed with a recurrence interval of once in 1,000 years.
. A Tlood hydrograph constructed by the Army Corps of
Englneers' method 1s shown in Figure 2. The peak flow 1is
3,055 cf's as compared fo 2,980 cfs_by the method used in
Circular 365,
FLOOD ROUTING

Thei}100d hydrcgraph for a 1,000-~year storm developed by
the Army Corps of Engineers' method was routed through lake
Chémberlain. A spllilway rating curve, shown in Flgure 3,
was used for the ogee type splllway section witb a length of
50 feet and a ccefficient which varles with the.head on the
splllway. The coefflcient varies from 3.2 to 3.C.

When the design storm was rouvted through the reservolr
a peak outflow of 2,100 c¢fs and a hcad of 4,8 feet above the
spilllway crest was obfained. This ig indicated in Figure‘Qo
T"reeboard of 7 feet above the maximun water level resulting
from a 1,000-year flood will enable the dail to pass floods
of a recurrence interval considerably greatér than once 1in
f,OOO years with no damage other than poscible local damage
to the spillway outlet channel.

‘The outlet channel has been desipned to handle a peal:
outflow of 2,100 cfs.

PLANS AND SPECIFICATICHS

The contract drawings conslst of eight (8) sheets which

show plans, séctions, elevatlions anddetalls of pate chamber,

B-7
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v

concrete splllway and overflow séructureﬂ. The dam will be
a compacted earth dam. Sfultable material exiszts in the
reservoir area immed;ately above the damn.

It is planned ﬁo have full-time engineering superﬁision
during the construction of the dam, control of molsture con-
tent, degree of compaction and density of compacted embankment

will he maintalned.

MALCOLIM PIRUIE ENCINEERS
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4755 JosepH W. CoNE : TELEFPHONE

IT REQISTRATION 4 CIVIL ENGINEER ' TOWNSEND 9-R1BR

124 HAVEMEYER PLACE
GREENWICH, CONNECTICUT
08830

June 26, 1965
Mr, Willlem P. Sander
Water Resources Commission
State 0ffice Bullding
Hartford 15, Conn, Re: Dams #35 = 1 to 5
New Haven Wster Co,
Dear Mr., Sander: |
2 First, I apologlze for not completing this assign=
ment more promptly; reasons being that a low quality
virus for over a month left me with no pep mentally or
physleally, and delays in obtaining certaln plans and
information,

The assignment was=- "we would like to know th@
present condition of these dams™ ~ Bethany - Watrous =
Dawson on West River and Chamberlain - Glen on Sargent
River, a tributory to West Rlver above Dawson Dam,

In my opinion, the "condition" of these dams is
good as regards masonry of the three mesonry grévity
dams and the upksep of two earth embankment dams,

But as regard to whether or not the dams are safe,

particularly as regard splliway capacity, my opinion 1s

as follows:

35-1 Bethany Spillway is inadequate. However a thin
sheet over a length of 990' will do comparatively

little damage except to highway, The gravity

gsoctlion is safe,
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Mr, William P, Sander -2 Jume 26, 165

35-2
35=3

35-4

35-5

Watrous Generally sams remarks as for Bethany.

Chamberlain Spillway is adequate in every respect
as iIs the dam, It 1s reassuwring to find a spillway
that will carry 1525 cfs per sd. mi. on lj.1 89 mi,
Note Items #26 & 28 on Data Sheet,
len  Spiliway is nowhere near adequate. In fact,
Oct. '55 flood nearly overtopped earth section at
left or east abutment. Section of dam 1s safe,
Right abutment should he ralsed to protect
highway.
Left abutment should be investigated:iw
(a) To determine whather or not there is a core
wall,
(b} Possibility of emergency spiliway or fuse
plug.

(¢} Yote Items #26 & 28 on Data Sheet,

Dawson Present splllway 13 entirely inadequate

to carry probable floods of the present and future;
In fact, the dam would have been overtoppsd if
certalin saving factors had not been present in
Oct. 1955,
(a) Not an excessive rainfall, only about R of

50 yr. (Compare with precipitation graphs)
(b} Several of reservoirs wers below‘FL (See data

notes by Navaro which you have}
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Mr. William P, Sander =3 June 26, '65

(¢) Flood @ '55 at Dawson of about 2100 ¢fs has

an R value 3,8 (2100 = 560) equivalent to
120 yr on old Conne curve and 55 yr on re~
vised 1965 curve, (See graph PL 13)

Items #26 & 28 on Data'Sheeﬁ are particularly
11luminating. |

it does not need ﬁ lively imaghnation t6 visuallze
what would happen %o Westville and New Haven if Dawson
should be overtopped; Norwich fallure would be peanuts
comparatively,

A brief discussion of pertinent data and situations
follows. Alsé there are prints of sections of dams,
precipitation graphs and various other graphs that I
used or are pertinent to this iInvestigatlion for general
information or checking purposes,

Please excuse the informality and c¢rudness of the
matter submitted, the objective being to reduce costs to
the minimum,

I would observe that Mr. Navaro, Mr. Ferris and Mr,

Reynolds of the New Haven Water Co. were most cooperative

as was Mr, Thomas of the U,S. Ceologlcal Surveys.
My recommendation is that the New Haven Water Co.
be advlised that their consulting engineers should inves=~

tigate the entire system, with particular emphasis on
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‘Mr. Williem P, Sander =li= June 26,

condltlons at Glen and Dawson, and submit corrective

MeaAsuUres .
Yours very truly,
. ’ )
2 . - ) /(l( Yrie o
Jwe/dr .J« W Cone
Enc: Part II
Photos (11)
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WA'LEno nmw

Characteristics Area 1is very rugged, steep side alopes

and steep channels. Channel slopes (S in Conn Formula)
are West River 70 and Sargent River 88 feet per mile.
Elevations on topo éheet point up steepness of side
slopes as much as JOO' in 0,25 mile,

Area 1s rursel, cover, mostly wooded at present.
However within a few decades there will be more 1ntonsive
land uZe. There is evidence of this growth in the
Cheshire and other areas, At present in spite of rugged
terrain, the shed may be consldered "medium to fast® due
to cover; by about 2000 AD it will become "fast® and in
the future could be "very fast'.

Area As scaled from 122,000 topo sheets area 1s 13,35
sq, mi, By data in Water Co's. operatlon office area
is 13,0 sq. mi, Mr, Novaro in hls renort to M. Corbin,
April 29, 1963, states area is 13.9 sq. mi,; this I do

not understand,

Water Co. 1:24000

Be thany .4 3.7
Watrous | 342 3.3
Chamberlain 3.9 Lol
Glen 1,7 N Y
Dawson ' a8 55
1340 13435

The Company owns about 8 sq, mi, of the 13.35
sq. ml, However as taxes and population pressures

Increase, as the area becomes more jsolluted dus to

ey
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development of areas owned by others, 1t 1s reasonabdble
to assume that the Company will sell at least 5 sq. mi.
and construct a filtration plant. These conslderations
explain the predicted increase in mean annual flood of
about 40% above present by 2000 AD. (560~795 and
Cp 0.85-1,2) | |

The following quote, from an intensive study'bﬁ
Metcalf and Eddy on Storm Water Control in Westchester
County in 1945, 1s pertinent to thls Adlscussion,
"Resldential development of the area has resulted in
peak run=-off rates almost twice those of twenty-five or
thirty years ago, and if development continues at the
same rate for the next twenﬁy-five years, the run-off
factor will become 2% times that of conditions a hﬁlf
contury ago". It would sesm that the inecrease of LO%

is not fantastic,

. PRECIPITATION
Pata plates 4 to 9 iInclusive were studied and are
included to determine whether or not ths Oct. 1955
storm in the New Haven area was of very rare occurencé.

Since the rain gage at Dawson 18 not recording,

graph PL 5 was mroduced assuming that storm characteristics

would be very similar to New Haven Airport which has a
recording gage. Similarly the Westfleld, Mass. graph

wag based on Norfolk, Conn,
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Using 24} hr values and PL 9 the following rscurrence
‘values were determined,

24 hr Chance

in, i 1 R
Base 9.5 - 140 100
Dawson .5.85 : 240 50
Norfolk 1142 046 178
Westfield 18,2 0,2 500
Max possible 2747 0.1 1000

In connection with this subject on Oct. 9, 1877
there was 9.7" in 10,5 hrs, at White Plains, Westchester
County, N.Y.

My conclusion is that precipitation in the New
Haven area cannot be termed extraordinary. In the
Stamford~-Norwalk area R values were about 200 yr and
in Greenwich about 75,

If precipitation was not excesslve then peak flood
flow could not be excessive and should have an R value |
of less than 100,

I realize full well that some may say that I have
no right to assign maximum possible to 1000 yrs. My
answer 1ls what possible value can the maximum posslible
values have unless an occurrence value 1s stated; 1f
no value then data 1s worthless. FEnquiry has been mads
to many who should be better verssd in thls matter than
I, No one would stick his neck out. I am not afraild

to and have; at least a value of 1000 1s on the safe slide,
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My purpose in this discussion 1s to point out the
‘fact that if either the Norfolk or Westfield precipitations
had occurred on this shed in Oct, 155 the resulting

disaster would have been appaling.

FLOOD FLOW 1955

Octe 1955 To determine flood flow at Dawson 1t 1s
necessary to know.H at peak, To check, If H at pesk
were ﬁnown for Glen and Watrous, then flow to Dawson
could be estimated reasonably close by adding an allowance
for the small watershed of Dawson itself,

In thils connectlon I suggest that values sﬁown on
Lake Level forms (those were mailed you recently) should
not be used since measurementa'werg‘taken be tween
8-9 A.M,

The peak of the Oct. flood in Greenwich was ebout
1l AM. Allowlng for forward speed of storm then peak
at Dawson would be betwoen 2~3 A,M, particularly since
watershed is ®quick™,. The time lag of about 6 hours
would certainly lower H peaks. I therefore, based on
conversations and data furnlshed, assumed certain H values

and computed Q, as shown in the folléwing table:

B Q
Glsn 3¢5 : 880 cfs
Watrous 340 1160
Dawson shed est 160

2200 " to check
Dawson L : 2050 "
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Assuming 2050 correct than R values are:

g T

Refer to PL 13

: R
By old Conn Curve 3.7 110 yrs
* new * * 3.7 ' 50 *

This agroes reasonably well with precipltation
value gf SO,

Conclusion 1s that flow of Oct. 1955 at Dawson
may be considered a minor flood that would have been
somewhat greater had not several of the reservoirs been

below FL, for a total of 215 m.g. as computed by Mr,

Novaro,

Qe = 9 Az/s vs _Conn Formula

This formula and graph (PL 12 A & B) bhas been uéed
for several years ﬁith satisfactions It checks well with
the rational method and is much simplier to use. Although
designed for small watersheds, up to about two square
milag, 1t £ills the gap with considerable rellabillty
up to about ten mlles, the apnroxlmate reliable lower
1limit of the Conn Formula, Geological Survey Circular #365,.

A w 13,35 sq., mi. = 8500 Ac

8500 3.92942

: 2

3 /T.B588L

2.61951

-9 0.95h 2k
3748 3.57385

Qy = 3750 efs

B2



Qp = RF x LF x FF x Qy

From PL 12 A factors for R = 500, present conditions
and 2000 AD Present @ m» 1 x 0.l x 4.35 x 3750 = 6500
2000 AD 1 'x 0.6 x 4,35 x 3750 = 9730 afélz 1,30
Q = RCp AS |
By PL #2 CphAS = S60~-present and 795-2000 AD
By PL 13 R for 500 = ¥ Iz
Q500 Present = 11 x 560 = 6160 L7120
" 2000 AD = 11 x 795 = 875 as4®

Note that results are remarkably close, perhaps by

colncidence,
9 4243 Cp Conn Cp
Present 6500 0.4 : 6160 0.86
150% | 0%
2000 AD 9730 0.6 | 87u5 C .2

Had basin coefflcients (CB) been selectod to obtain
the same pércent increase in the land use factor, results
for 2000 AD would have been 9730 vs 92]:;0.‘0'"580

In any case @ = 9 Az/é provides a reliabla.cheok
on Conn. Formula, up tHo about 10‘sq. mi., and fills the

no-man's gaps

10
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SPILLWAY CAPACITY

¢fs, & 8q. ft. vor 9q., mi,

Dam Typa 9 cfs sGeft,
ag.mi,
(1) Bethany Gravity 1980 540 | 80
-TT |
(2) Watrous n 2660 380 50 acec
== |
(3) Chamberlain Earth 6300 1525 120
: '{%ﬁf
(4) Glen Gravity 1120 195 28 asc
57 ‘
(5) Dawson Earth 2870 215 30 ace
13.35

The unita shown in thls table, for a watershed wilth
nearly the same characteriatics‘throughout, demonstrate
the inconslistency in capacity. It 1s true that an earth
dam should have a greater factor of safeby than a gravity
masonry deam. This data emphasizes the need for corréctive

measures particularly at Glen and Dawson,

MAF
Check by Comparison

_ Present
Est, Sq. M1, MAF per/S.M.

Willow Brook-~Cheshire 1960 3402 280 - 31
Wepawaug River-Milford 1962 18,00 690 38
/27,00 /970
13.5 Les
Dawson computed PL.2 13.35 60 | 2
‘Sargent " " 5.7 425 718

]
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WILLOW BROOK. Rolling terralin, nowhere near as rugged

as West River., On othsr hand land use 1s more dense,
MAF per sq. mi, should be much less than West River.
WEPAWAUG RIVER, Same remarks as ahove,

SARGENT RIVER., Very steep. 8 is 88! per mi,

Note that Willow Brook and Wepawaug River statlons have
only short term records. The usual experlence is that
the lomger the record perlod the higher are MAF wvalues,
CONCLUSION 1s that West River MAF of 560 for present

land use conditions is not too high and more 1likely 1is

too low,

(1) BETHANY
BRIDGE. Rough field measurements were taken belleving
that the brldge woulq be a bottleneck rather than the
splllway. Sketeh plan is shown., Later constructlon

plané were avallable,

Assuming depth of flow in channel as 3! =
Aa 24,5x3 = 73,5
P= 24546 = 30,5
= 73.5 = 3045 = 2.4 r2/3

034 sk
"Assuming n = L0148
v= 100 p2/3 glA

1.8
0,18

1}

177]
11

100 x 1.8 x 0,18 = 32 srf,
Q= 73.5x 32 =235 t crfa,

(e
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SPILLWAY. Rough plan shows total length of apillway as
19! + 61t = 80!, But account of turbulence assume

effectlve L = 75" B max :,LI'" Cw 3030

Q=23,3x75x8 %1980 cfs,

This Q probably maximum due to backup from bridge
and turbulence at channel entrance.

From the above it 1s shown that the spillway rather
than the bridge is the limiting Cfactor to carry estimated
Q values = Items 1l & 15 on Data Sh&et. It 1s concluded
that the dam will be overtopped in the future, with an
H value of about 1,

Q= 2x 99 x 13é = 2080 cfs

This with splliway on H & 5% will pass over L4000 cfs,
DAM. The gravity section of cement rubble masonry with
reinforced concrete back L' thick is in good condition,..

(2) WATROUS
SPILIWAY, The capacity of this 70' spillway with E = S!
is 2660 cfs., as shown by Item 12 on Data Sheet. This
capacity will barsly take flood flow from its individual
watershed below Bethany under present land use, see
Ttems 14 & 15, In addition there is the added flow from
Bethany. Totel watershed is 7 sq. mi,

Bethany 3.7

Watrous 3,3
740

DAM, The gravlty concrete section 15 in good condition
and is backed ﬁp with earth nearly to top of dam.

The dam will be covertopped in the future. Note
Data Items #26 & 28.
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) (3) CHAMBERLAIN
A study of items on the Data Sheet and examination
' of sketch plan indicate that this earth dam is adequate

in every respect. No further comment 1s regquired,

(4) GLEN

SPILLWAY, The LO! x 4' spillway has a capacity of about
1120 °£F' The entire watershed lincluding Chamberlaln
18 5.7 89. mi. Note Data Items #26 & 28,

Chamberlain L4,
Glen 1.6

S

The dam was nearly over=-topped during £ha Octobher
1955 flood.

ABUTMENTS. A highway is ¢lose to the right or west end
of splllway. Upstreém tfaining wall in particular should
be faised and extended.

At the left or east end of the dam there ié an
aroa that 1s lower than crest of dam. This is indlcated
under the arrow-on the photo of the east bank. As
determlined by hand level, the area 1s about six-inchss
below dam crest,

There seems to be no record of a core wall 1n the
area or location of ledzge surface. If no wall and ledge
rock is low, then there will be end scour sometime in
the future that would put an extra burden oh Dﬁwaon.

This condition should be 1nvestigated,

(4

s
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FUSE~PLUG, The ares appears to he ravorable for the
‘needed extra splilway capacltby, permansnf cohstruction,
or fuse-plug type. |
DAM. The gravity conorste sectlon is in good condition
and in my opinlon wili not fail,

(5) DAWSON

SPILLWAY. An examination of Data Shoet items and study of

plans indicate that the Dawson spillway is entirely
inadequate. The Q of 2870 with H of 5' 1s approximate,
The comblnation of a low broad crested humped welr and
splllway characteristlics present a complicated hydraulic
problem not worthwhile to investigate thoroughly for
the purpose of this report, 7

The spllliway and right training wall aéa shown
on photo enclosed. Note that fthe low portion of the
training wall was nearly overtopped inm Oct, V55,

Hoight of water at splllway was 3! below dam orest,
There must have been considerable vslocity head. Thére-
fore 1f the weir formula 1s used H should be about 4?,
SEEPAGE, In the area near trees as shown on enclosed
vhoto there 1s seepage with "guesstimated® flow of about
9 gals per min. Another seepage flow is farther to the
west and at a lower elevation near a small cedar with

an estimated flow of about 3 gals per min. Both areas

should be wateched cldsely.

(s
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It would be worthwhile to install a simple arrange-
Amenf wheoreby flow can be determined by stop watch timing
to fill a contalner; this t¢ determine whether or not
there is a relation between reservoir level and flow.

I have been Informed by Mr. Ferrls that most of
the trees shown iIn photo have been removed. Trees
weres not con the embankment proper but were close enough
to prqgept the possibility of root=boil trouble.
EMBARNRMENT COVER. The easterly portion of the dam,

about one half, had been grazed by sheep. This is an
inexpensive method of controlling grase on a 1 on 2
slope, On the other hand sheep are close croppers and
tend to destroy root structure, s condition evident at
tho time, If the dam should be overtopped by a few -
inches I would anticlipate that the sheaep cropped area
wou}d gully seriously.

Further, particularly during dry weather, grass
cover should be kept high to provide shade to hold
moisture as much as is possible on the steop 1 on 2
slope, where water-table 1s low, and to prevent baking
all of which weakens root structure.

CONCLUSION, It is my opinion that the situation at

Dawson 1s very seklous., If a bad breach should occur

the refuge in "An Act of 3od"™ would not prevail. In

Oct. 1955 4f 8ll reservolrs bad been full, if tweniy=four
hour precipitatlon had been a little more, then 1t 1s

my opinion that Dawson would have been overtopped.

16
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As scated nereinberore a comprehensive study of

- this situation should be begun immediately and proposed

corrective measures presentad as soon as possible,

GENERAL
It 1ls my understanding that my assignment was not

to undertake a complete analysis of all aspects 1nvolved,

but only to investigate sufficiently to determine 1if

there are situatlions that should be studled by the

Company's consulting englneers. I therefore did not

undertake the following:

1,

24

3.

Stability analysis of gravity masonry dams. Casual
study of plans indicates they are safe; ﬁhis based
on experience,

A design flood based on an assumed precipitation

was not routed through the several watershsds and
reservoirs, considering storage capacity above FL
ete, This would have been a tedious study and funds
were not avallable 1n my contract,

In computing the several § values no credit was given
to storage above FL, rather this was considered as

an extra factor of safely, to be on the safe sida.

Graphs, plans, etc., are bound separately for

ease in following the &ext.

17
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1.
2.
3
b
5e
b
Te
8.
e
10,
11,
12,-

13.
.
15.
16.
17.
18,
19.

Topo

DATA SHEETS

Summary of data.
Determination of MAF¥, graphically
Watersheds; sketoh arrangement

Precipitation Oct, 'S5 New Haven

" " " Dawson {devised)
. Aug., " Norfolk
" " " Westfield (devised)
bl Maximum Possible
" Recurrénce 2 to 24 hr.

Flood flow greaph old.

" " ® revised.
A Peak Runoff Qq = Azé
B n " "
c n 1" "

Ratio Curve -~ Conn Formula
Welir Cosfficlents
Plens Bethany (3)

" Watrous (1)

" Chamberlain (1)

® Glen (2)

"  Dawson (2)

of Watershed 1:24000
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#10

#13

COMMENTS re DATA BSHEETS

This Flood Flow Curve shown since it showé a surve,
dashed 1life, devised by A.B. Hill about the turn
of the century. It‘was considered a sound base
curve at that time when there was a pauclty of
{nformation a8 compared to that which became
;vailable in more recent years; precipitation

and flood flow records, many studies, reports,

Stc.

The upper curve, shown in red, was plotted by
Mr, Mendall P, Thomas with the Geological Survey
based on study by A, Rice Green, Water Supply
Paper 1671, 196l4. Curve has official approval
to 100 years; projection %o 1000 by Thomeas

using Gumbells recurrence Interval scale., This

18 the latest R=curve available.

The purpose of including the other sheebs I belleve is

self-svident,
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NEW HAVEN WATER COMPANY STATE &ﬁﬁ'{sggaums
S NEW HAVEN, CONNECTICUT REREVED
NOV o 1967
ANSWERED
MEMORANDUM REPORT TO WATER coMpANYREFRRED

INVESTIGATION OF THE EFFECTS OF A FLOOD
PRODUCED BY THE MAXIMUM POSSIBLE STORM
ON SPILLWAYS OF WEST RIVER SYSTEM

AUGUST 2, 1967

The effect of the "maximum possible storm" on the West
River System 1s reported in this memorandum.

The "maximum possible storm" employed 1is defined and
quantitatively estimated in U. S. Weather Bureau Hydro-
meteorological Report No. 33 entitled "Seasona; Varlation
of the Probable Maximum Precipitation Last of the 105th
Meridlan for Areas from 10 to 1,000 Square Miles and Dura-
tions of 6, 12, 24 and 48 Hours." The report defines the
"maximum possible precipitation™ as "the critical depth-
‘durablion-area rainfall relation for a particular areafduring
various months of the year that would result 1f conditions
during an actual étorm'in the reglon were increased to
represent the most c¢ritical meteoroclogical conditions that
are considered probable of occurrence."”

As shown on Exhibit 1, the rainfall totals used for the

West River System analyses are for duratlons of 6 and 12 hours

on an area of 10 sguare miles forvr Septecuwbher -- the most severe

month for the vicinity of New laven, Connecticut. The hourly

. B-1I130
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distribution of the total rainfall assuméd is according to
Figuré &, page 32 of U, S. Dgpartment of the Interior
publication "Design of Small Dams." The distribution is a
comparatively severe one with 50 per cent‘of the 6 hour total
falling within 1 hour. |

The sequence in which the hburly totals were arranged
1s in accordance with the rgcommendatlon made on page 50 in
"Design pf Small Dams." The arrangement of the 12 houfly
increments is 11, 9, 7, 5, 3, 1, 2, 4, 6, 8; 10, 12, where
the number represents the order of magnitude with the lowest
number representing the largest magnitude., This arrangement
glves a flood greater than oné based on the assumption that
the greatest hourly increment of rain occurs during the
first hour of a storm

The effective, runoff-producing rainfall was estimated.
by subtraecting 1 inch initial infiltration and 0.1 inch per
" hour thereafter from the total ralnfall. ' ’

In ofder to pass the unusually high flows for the "maximum
possible storm," several modifications of both the length and
crest helght of spillways were tried. Spillway rating curves
and stage capacity curves for each of the five reserﬁoirs are
shown on Exhibit 2 and Exhibit 3, respéctively.

The unit-hydrographs and routing procedures employed are
those outlined in our report of Januvary, 1967. Detailed
computations are shown on Exhibitrﬁ, pages 1 through 8.

The inflow-outflow curves for each of the reservoirs are
shown on Exhibit 5, pages 1 though 3. As no signhificant .

storage effect 1s obfailned from Lake Dawson, the outflow
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o
hydrograph as shown on Exhibit 5, page 3, will be the séme
with a spillway 250 feet long.

.The'Maximum possible" flood outflows at each of the West
River reservolrs and the bonditioﬁs at the Spiilways are‘

summarized below:

Dam Peak Spillway Free-~ Maximum Head (f£t.)
Discharge Board Over Over Dam
cfs - ft. Spillliway Crest
Chamberlgin 7200 12.0 10.8 -1.2
Glen 9665 9.0% 11.3 +2.3
Bethany 7350 ‘ 4,25 5.2 +1.0
Watrous 15400 - 5.0 7.1 +2.1
Dawson _
80t Spillway 26,260 11.5% 13.8 +2.3 -
250' Spillway 26,260 11.0% 9.0 -2.0

*Freeboard above proposed new sill elevation
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EXHIBIT 1

MAXIMUM POSSIBLE RAINFALL
FOR NEW HAVEN, CONNECTICUT

¥DURATION OF RAINFALL TOTAL RAINFALL

HOURS INCHES
6. - 24.2

12 - 26.4

DISTRIBUTION OF & AND 12 HR. TOTALS

TIME FROM #¥INCREMENTAL "
BEGINNING OF RAIN RAINFALL * 2o INNILARATION
HOURS . INCHES REARRANGED & Opn. THFEILTR
1 12.1 0.1 -
2 3.6 0.3 e
3 2.6 1.0 0.3
§ 2.2 1.9 1.8
5 1.9 2.6 2.5
6 1.8 12.1 12.0
7 1.0 3.6 3.5
8 0.5 5.2 2.1
9 0.3 1.8 1.7
10 0.2 0.5 0.4
11 0.1 0.2 0.1
12 0.1 0.1 oy
26.4 26.4 24 .4

¥From Weather Bureau Technical Paper 33 1956

#¥* Distributed and arranged as recommended in U. S. Department
of the Interior Publication "Design of Small Dams"
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EXHIBIT 2
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EXHIBIT 5
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APPENDIX
SECTION C: DETAIL PHOTOGRAPHS



PHOTQ NO.l - Spillway and channel walls. Note cracks and
efflorescence between panel joints.

PHOTO NO.2 - Splllway channel cut into natural rock
formation with spillway and bridge in
background.

LAKE CHAMBERLATIN DAM

US ARMY ENGINEER DIV, NEW ENGLAND NATIONAL PROGRAM OF

CORPS OF ENGINEE SARGENT RIVER

WALTHAM, “ASS

INSPECTION OF BETHANY, CONNECTICUT
CAHN ENGINEERS INC. 59 Gl e
WAL LINGFORD, CONN. NON-FED. DAMS CE#
ARCHITECT —— ENGINEER > DATE 6/1/78  page_ C-1




PHOTO NO.4 - Seep and crushed stone downstream at right
end of dam.
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APPENDI X
SECTI ON D: HYDRAULIC/ HYDROLOGIC COMPUTATIONS




PRELIMINARY GUIDANCE
FOR ESTIMATING
MAXIMUM PROBABLE DISCHARGES

N |
PHASE 1 DAM SAPETY

INVESTIGATIONS ‘

- New England Division
Corps of Engineera

March 1978

D-1



16.

24.

27.
28'
29.
30.

31,
32,
33.
34.
33,

Project

Rall Meadow Brook
East Branch
Thomaston
Northfield Brook
Black Rock

Hancock Brook
Hop Brook
Tully

Barre Falls
Conant Brook

Knightville
Littleville
Colebtrook River
Mad Kiver
Sucker Brook

Union Village
North Hartland
North Springfield
Ball Mountain
Townshend

Surry Mountain
Otter Brook
Birch Hill
East Brimfield
Weatville

West Thompson
Hodges Village
Buffumville
Mansfield Hollow

West Hill

Franklin Palls
Blackvater
Hopkinton
Everett
MacDowell

MAXIMUM PROBABLE FLOOD INFLOWS

NED RESERVOIRS

(E%S)

26,600

15,500

158,000
9,000
35,000

20,700
26,400
47,000
61,000
11,900

160,000
28,000
165,000

30,000 -

6,500

110,000
199,000
157,000
190,000
228,000

63,000
45,000
88,500
73,900

38,400

85,000
35,600
36,500
125,000
26,000

210,000
66,500
135,000
68,000
36,300

D.A. MPF
(sq. mt.) cfs/aq. mi.
17.2 1,546
9.25 1,675
97.2 1,625
5.7 1,580
20.4 1,715
12.0 1,725
16.4 1,610
50,0 940
55.0 1,109
7.8 1,525
162.0 987
52.3 1,870
118.0 1,400
18.2 1,650
3.43 1,895
126.0 873
220.0 904
158.0 994
172.0 ‘ 1,105
106.0{278 total) 820
100.0 630
47.0 957
175.0 505
67.5 1,095
99,5(32 net) 1,200
"173.5(74 net) 1,150
31.1 1,145
26.5 1,377
159.0 786
28.0 928
1000.0 210
128.0 520
426.0 316
64.0 1,062
44.0

825.

-2



MAXIMUM PROBABLE FLOWS
BASED ON TWICE THE
STANDARD PROJECT FLOUD
(Flat and Coastal Areas)

'River .

Pawtuxet River
Mill River (R.I.)
Peters River (R.I1.)
Kettle Brook

Sudbury River.

Indian Brook (Hopk.)

Charles River.

-Blackstone River.

Quinebaug River

\_

ser
(cfs)

19,000

8,500
3,200

8,000

11,700
1,000

6,000

43,000

55,000

e 2T ;_‘.‘:-._:‘\ )

D.A.
(sq. mi.)

200
3
13
30
86

5.9

184

416

331

wer
(cfs/sq. mi.)

190 -
500
490
530
270
340
65
200
330

D-3



@7’ - TWICE SPF AT INDICATED SITE

100C

kil e T
Kl B H
. H Ly
- - 4
. : i
V H
R R et o SLE
N
ROy W
AR
]
]

500

- = wmd
g

100
IN SQ. MILES

-~ MAXIMUM PROBABLE FLOOD

n =
wj ©
>
o B~
el ©
P~
bl O N
w m m.. .4.... b .. i
O w*« | R 1
L D C - i U I
F bt [ TV] . B
M Drl!nl.w. - ;
x| & 18 e Y Ny
ol g2 T TR
P _m- _: .. .\b_
¢ _.ZL _ al
i0 g ! il
» 1 OA
it L AHEE
M_ .m. m

e e s e &

b A2JK

B

50

-.::;P

-
et

— >

e o e

] o i
Al
—t———] -1t

1
fnee} e ]

LR Eadt Y St

PRV Y Jp— o)

- . [ owe: @ e - -

ERNL T E Y R
-

B e —— ) — - ———g r....-q . el

AN by b

- M.— .
jorafiide
NRESRASRAR

; : _ .
' T

-~ xg?

- Z*.'._.

- p——

DRAINAGE AREA

. - -
SEERIR AR FU SR RS
1 1y A N “
A 4: .
SRR RRERE Sy ERR RE
it s
L:,:\_"w: _
i bl EEh ¢ .
Rk it lo
R ERNEY IS

W_ :
i ]
t ! . [ )

__.. - ~,M
—rre— b~ -
.LWJ..M..!.. rt\
1 '
4ens (g
1 N
e Itk B DERERE

2500

2000

2 S g °
0 L2

37N '0§/7°'S

0
.. w
‘4D NI 'd'dW

D-4




ESTIMATING EFFECT OF SURCHARGE STORAGE

ON

INFLOW

MAXIMUM PROBABLE DISCHARGES

STEP 1:

STEP 2: a.

b.

Determine Peak Inflow {Qp1) from Guide
Curves.

Determine Surcharge Height To Pass
‘lQp1.l

Determine Vo|ume of Surcharge
{STOR1) In Inches of Runoff.

. Maximum Probable Flood Runoff In Ne .

England equals Approx. 19', Therefor: -

Qpz = Qp1 x (I — 571‘;'“)
F

STEP 3: a. Determine Surcharge Helght and

""STORz2"' To Pass "sz"'

b. Average 'STOR:'’ and 'STOR2"* and

Determine Average Surch[;:rge and
Resulting Peak Outflow ""Qp3’’.

" D-%



"RULE OF THUMB" GUIDANCE FOR ESTIMATING
DOWNSTREAM DAM FAILURE HYDROGRAPHS |

STEP |: DeverMINg oR ESTIMATE RESERVOIR STORAGE (S) IN AC-FT AT TIME OF FATLURE.
STEP 2: oereruine PEAK FAILURE OUTFLOW (Qpyy. |
S wvE vk
091-/27waYo/2

Wp= BREACH WIDTH - SUGGEST VALUE NOT GREATER THAN 40% OF DAM -
LENGTH ACROSS RIVER AT MID HEIGHT.

Y, = TOTAL HEIGHT FROM RIVER BED TO POOL LEVEL AT FAILURE.

STEP 3: USING USGS TOPO OIR QTHER DATA, DEVELOP REPRESENTATIVE STAGE-DISCHARGE
RATING FOR SELECTED DOWNSTREAM RIVER REACH.

STEP 4: EsTIMATE REACH OUTFLOW (Qpp) USING FOLLOWING TTERATION.

A. APPLY Qp) TO STAGE RATING, DETERMINE STAGE AND ACCOPMANYING
VOLUME (V) IN REACH IN AC-FT. (NOTE: IF Vy EXCEEDS 1/2 OF S,
SELECT SHORTER REACH.) .

B. DETERMINE TRIAL sz.

Qp, (TRIAL) = Qp; (I~
€. COMPUTE V, USING Q) (TRIAL).
D. AVERAGE Vy AND V, AND COMPUTE Q5.

- \/
Qp, = Qp, (11— &%)

STEP 5: ror SUCCEEDING REACHES REPEAT STEPS 3 AND 4.
- APRIL 1978

D-6
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